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If NWEL=0 the following set of cards is omitted.

DATA SET 1
COLUMNS  FORMAT VARIABLE
1-10 G10.0 1
11-20 G10.0 J
21-30 G10.0 WELL (LJ)
31-40 G10.0 RADIUS

(NWEL cards)

DEFINITION

Row location of well.

Column location of well.

Pumping rate (L3/T), negative for a
pumping well.

Real well radius (L).

NoTe.—Radius is required only for those wells, if any, where com-
putation of drawdown at a real well radius is to be made.

For each additional pumping period, another set of group IV cards is required (that is,

NPER sets of group IV cards are required).

If another simulation is included in the same job, insert a blank card before the next

group I cards.

Attachment IV
Sample Aquifer Simulation And Job Control Language

This appendix includes examples of job
control language (JCL) for several different
runs and an example problem designed to
illustrate many of the options in the program.
The grid and boundary conditions for the
problem are given in figure 25. Figure 30 il-
lustrates in cross section the type of problem
being simulated, but note that it is not to
scale.

The listing of data with the JCL examples
is not on a coding form, but it should not be

N

GRNO
RIVER (& STRT|-~

Flux {r
constant head

Constant fiux
recharge welis)

Water table

Leakage

BOTTOM

T e T T e — - — - o T T T T T

Artesian aquifer

FIGURE 30.—Cross section illustrates several options
included in the sample problem and identifies the
meaning of several program parameters.

difficult to determine the proper location of
the numbers since the fields are either 4 or 10
spaces. Zero values have not been coded
on the data cards to avoid unnecessary
punching.

Figures 31 and 32 illustrate the JCL and
data decks for two successive simulations of
the sample problem. They are designed to
show the use of disk facilities to store array
data and interim results. The first run (fig.
31) is terminated after 5 iterations and inter-
im results are stored on the data set specified
by the FT04F001 DD statement. Note that
arrays S, PERM, DELX, and DELY have
been stored in the array data set specified by
the FT02F001 DD statement (a 1 appears in
column 40 of the parameter card for these
arrays). The second run (fig. 32) continues
computations from the previous stopping
point and calculates a solution. Note that
PHI, S, PERM, DELX, and DELY are read
from disk storage. The final example (fig.
33) illustrates the JCL and data deck for a
run without using the disk files. Following
figure 33 is the output for the sample prob-
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/7  EXEC FORTGCG
//FORT,SYSIN DD #
Model
source
cards
/76
7/G0.FTO2F001 DD DSN=A442702.A2Z100.,AG4W0000.MATRIX
17/ UNIT=ONLINEsDISP= (NEWIKEEP) »
7 SPACE= (560¢ (14)) +DCB= (RECFM=F)
/7G0.FTO04F001 DD DSNE=A442702.AZ100.AG4W0000.HEAD
/7 UNTT=ONL INE»DISP= (NEWsKEEP) s SPACE= (TRKs (101} sRLSE} s
77 DCB= (RECFMaVBS s LRECL=1168+BLKSIZE=1172)
//60,SYSIN DD #
~e=e SAMPLE AQUIFER PROBLEM ===
Group | |y, v Leax EVAP RECK SIP CHEC DK2 NUME HEAD
10 14 1 5
CONT 1 1 1500 1 .1 FEET
1 1 2003 .01 0 W4E=06 10 10
Group Il 1 1 1
STRT 100
-1 1 1
s
1
1 1 1 1 1 1
2002 1 1
1 1 2 2 2 2
- 1 1 1 1 2 2 2 2 2 2
= 1 1 1 2 2 2 2 @2 2 e
(=% PERM 2 2 2 2 2 2 2 2 2 2
3 2 2 2 3 3 3 3 3 3 3
o 3 3 3 3 4 4 & 4 &
(O] 4 4 4 4 4 & 4 3 3 3 3 23
3 3 3 3 3 3
BOTTOM 0
SY
RATE «3E=-07
RIVER 100
M 10
GRND 105
QRE <2E-07
50 1 1
DELX 20 14 9 S 14 21 3 41
37 25 17 11 9 13
50 1 1
DELY 10 s 7 10 14 18 27 30
3l 12
1 0 6 1 1 1.0 24
4 4 .05
5 4 05
Group IV 6 4 .05
7 4 05
4 11 -10 2
6 ¢ -10
/%

FIGURE 31.—JCL and data deck to copy some of the data sets on disk, compute for 5 iterations, and store

the results on disk.
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44 EXEC FORTGCG
//FORTLSYSIN DD #

Model
source
cards

/70

//7G0.FT02F001 OD DSNwA&42702,A2100,AG4W0000.MATRIX,
144 UNIT=ONLINE+DISPaSHRVOL3SER2SYSOLS
//760,FT04F001 DD DSN=A442702,AZ100,AG4W0000,HEAD
144 UNITsONLINE+DISPaSHR,VOL=SER3SYSO011
//80,SYSIN OD

==~= SAMPLE AQUIFER PROBLEM ===
Group | |, re Leax EVAP REOH SIP CHEC DK1 NUME HEAD
10 14 1 50
CONT 1 1 1500 1 .1 FEET
1 1 «003 .01 0 C4E=06 10 10
Group |l i 1 1
STRT 100
s 1 1
PERM 1 1
— BotTom a
= SY
o “RATE W3E=n?
3 _RIVER 100
- M 10
O “GRND 105
QRE 2 2E=07
DELX 1 1
DELY 1
1 0 6 1 1 1.0 24
" 4 +05
5 4 «05
Group IV 6 4 .05
7 4 +05
s 1 -10 2
6 6 -10
7%
/7

FIGURE 32.—JCL and data deck to continue the previous run (fig. 31) to a solution.

lem generated using the JCL and problem deck once and store it as a load module on

deck shown in figure 33. disk. Subsequent runs can use the load
Figures 31 to 33 show that the source cards module with considerable reduction in cards

are being compiled for each run. It is more | read, CPU time, and lines printed.

efficient, of course, to compile the source
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/7 EXEC FORTGCG
//FORT,SYSIN DD *
Model
source
cards
/7%
//GO.SYSIN DD »
——== SAMPLE AQUIFER PROBLEM ===
Group | | uave Leax EVAP RECH SIP CHEC NUME HEAD
10 14 1 50
CONT 1 1 1500 1 .1 FEET
1 1 +003 .01 0 «4E~06 10 10
Group Il ! ! 1
STRT 100
-1 1
s
1
11 1 1 1
2002 1
_ 11 2 2 2 2
= 1 1 1 1 2 2 2 2 2 2
a 1 1 1 2 2 2 2 2 2 e
=  PERM 2 2 2 2 2 2 @2 2 2 @
° 2 2 2 3 3 3 3 3 3 3
S 303 3 3 4 4 & & &
4 4 4 4 4 & L3 3 3 3 K 3
3 3 3 3 3 3
BOTTOM 9
SY
RATE 23E=07
RIVER 100
M 10
GRND 105
QRE «2E~07
50 1
DELX 20 14 S 9 14 21 3 41
a7 2s 17 1 s 13
50 1
DELY 10 5 7 10 14 18 27 30
3 12
1 0 é 1 1 1.0 24
“ " .05
5 4 .05
Group 1V 6 “ 05
7 4 .05
4 11 -10 2
6 é =10
/7%

FIGURE 33.—JCL and data deck to simulate the sample problem without using disk files.
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Attachment V
Generalized Flow Chart For Aquifer Simulation Model

A, MAIN PROGRAM

New problem: Read

ond write title,
progrom options
and dimensions

!

Compute dimensions New
of arrays =1 pumping
period
Pass addresses New time
of arrays T step
to subroutines

Transient
Read and Leakage
N write daota
for Groups
I ond D ————

Numerical
solution

Check for steady
state; print results

Compute

iteration

parameters
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‘ Flow chart—Continued

B, DATAI

£ /_\ /n i 1 .y
Read and write
Bl scalar parameters
and arrays
All /‘\

Initialialize variables

for the simulation
Read approximate
time parameters
Compute and print
actual time
parameters

'

Initialize SUMP,
STRT, SL, WELL
and WR for the
pumping period

Y

Read and write well

pumping rates and
well radii
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Flow chart—Continued

C, STEP

Initialize variables
for the time step
Check for steady
2
state

Write results
on disk

| Punch resulis

Compute and
print drawdown
of wells

Punch results
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Flow chart—Continued

D, SOLVE|

Compute and
print iteration
parameters

Initialize data for
o new iteration Yes

Compute SL and U

Y

Solution algorithm

WATER=CHK(2)

Compute

v
B, D, F H &

EVAP=CHK(6)

Compute
ETQB, ETQD

Compute RHO

Compute RHO
and SUBS
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Flow chart—Continued

E, COEF
Compute transient
leakage coefficients
No
No

Yes

Compute
transmissivity

MOD(KT,KTH)=0

Print drawdown
for step KT

drowdown

Y Y
No No
v ‘_V Compute

T coefficients

D3
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F, CHECKI

Initialize variables

Y

Compute rates,
storage and
pumping for
this step

Compute cumulative
volumes, totals
and differences

Print Mass
Balance

Flow chart—Continued

E6

G, PRNTAI

Initialize variables
for map

Compute location
of axes, labels

and symbols

Print
map
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A
ALFA

B

BE
BOTTOM
cOLT
CHCK
CHK
CONTR

CONVRT
D

OON
DEL
DELY
DELX
DELY
DIML
DIMW
EROR
ERR
ETA
ETDISTY

ETQB
ETQD
EVAP
F

FaCT
FACTX
FACTY
6

H

GRND
HEAD
HEADNG
HMAX

IC
1ERR

IFINAL

TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

Attachment VI
Definition Of Program Variables

IN CATAlI. DUMMY ARRAY (DOES NOT USE CORE SPACE) USED YO
OBTAIN ADDRESSES OF ARRAY DATA SETS3H

CORRECTION VECTOR FOR ROWS (LSOR)S$

PARAMETER IN SIP ALGORITHMS

TC(I=1sJ)/DELY(I) (1/T)}

PARAMETER IN THOMAS ALGORITHMS

ELEVATION OF THE BOTTOM OF THE AQUIFER (L)3

MULTIPLYING FACTOR FOR THE TIME STEP}

CONTAINS CHARACTER STRING FOR MASS BALANCE OPTION}
VECTOR CONTAINING PROBLEM OPTIONSS

CONTAINS CHARACTER STRING FOR OPTION TO PRINT

MARS OF DRAWDOWN AND/OR HEAD?3

CONTAINS CHARACTER STRING FOR WATER TABLE~ARTESIAN OPTIONS
TR(IeJ=1)/DELX(J) (1/T)3

VECTOR THAT CONTAINS DRAWDOWN VALUES (L)}

ARRAY USED IN SIP ALGORITHMS

TIME INCREMENT (T)3$

GRID SPACING IN THE X DIRECTION (L)%

GRID SPACING IN THE Y DIRECTION (L)3

NUMBER OF ROWS3$

NUMBER OF COLUMNS}

STEADY STATE EROR CRITERION (L)%

CLOSURE CRITERION (L)

ARRAY USED IN SIP ALGORITHM}

DEPTH AT WHICH EVAPOTRANSPIRATICN CEASES BELOW LAND
SURFACE (L)}

THAT PART OF ET SOURCE TERM TREATED IMPLICITLYS

THAT PART OF ET SOURCE TERM TREATED EXPLICITLYS

CONTAINS CHARACTER STRING FOR EVAPOTRANSPIRATION OPTIONW
TR(TeJ)/DELX(J) (1/T)8

SEE EXPLANATION IN GROUP I1I: ARRAY DATAS

MULTIPLICATION FACTOR FOR TRANSMISSIVITY IN X DIRECTIONS
MULTIPLICATION FACTOR FOR TRANSMISSIVITY IN Y DIRECTICNG
PARAMETER IN THOMAS ALGORITHM}

TC(I+J)/DELY(T) (1/T)3

ELEVATION OF LAND SURFACE (L)}

CONTAINS CHARACTER STRING FOROPTION TO PRINT HEAD VALUESS
TITLE FOR SIMULATIONS

MAXIMUM ITERATICON PARAMETER (ADI)¢

ACCELERATION PARAMETER (LSOR)3

BETA PARAMETER (SIP)3$

INDICATOR USED TO DETERMINE THE TYPE OF ARRAY DATAS

2 0 PUMPING WELLS ARE IN SATURATED PART

OF WATER TABLE AQUIFER}

= 1 PUMPING WELL HAS GONE DRY}

= 0 ALL TIME STEPS EXCEPT THE LASTS

= ] LAST TIME STEP IN PUMPING PERIODS

IFMT19IFMT29IFMT3 VARIABLE “ORMAT ARRAYS PASSED TO DATAI VIA ARRAY

IN
INO1
IPRN

ENTRY POINT?

IN DATAIs DUMMY ARRAY TO WHICH NAME IS PASSED!?
DIML-13%

SEE EXPLANATION IN GROUP I11: ARRAY DATAS

TRECSsIRECD SEE EXPLANATION IN GROUP IIIsARRAY DATAS

IRN

RECORD NUMBER USED FOR DISK STORAGE AND RETRIEVAL OF
ARRAY DATAS



1TMAX
IVAR
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FINITE-DIFFERENCE MODEL FOR AQUIFER SIMULATION
Definition of program variables——Continued
MAXIMUM NUMBER OF ITERATIONS PER TIME STEPJ

SEE EXPLANATION IN GROUP IIIt ARRAY DATAS
THE CUMULATIVE WORDS OF STORAGE USED IN THE Y VECTORS

12+JZyETC.DIMENSIONS OF ARRAYS IN MODEL+COMPUTED IN MAIN PROGRAM}

JNO1
KEEP
KKK

KOQUNT
KP
KPM]
KT

KTH

L

LEaK
LENGTH

M
NPER
NUM
NUMT
NW

NWEL
NWR
PNCH

P
PARAM
PERM
PHE
PHT

Py

QET
GRE

R
RADIUS
RATE

RECH
RHO
RHQP
RIVER

RW

S

SIP
SL
SLEAK
SS
STORE

STRT

SUBS
SUM
SUMP
SURI
sY

T

TC

DIMW=13%

HYDRAULIC HEAD AT THE PREVIOQUS TIME STEP (L)
ASSOCIATED VARIABLE IN DEFINE FILE. INDICATES NUMBER OF
NEXT RECORD}

ITERATION COUNTERS

NUMBER OF THE PUMPING PERIODS

NUMBER OF PREVIOUS PUMPING PERIOD?

TIME STEP COUNTERS

NUMRER OF TIME STEPS BETWEEN PRINTOUTSS

VECTOR CONTAINING INITIAL ADDRESS OF ARRAYS}
CONTAINS CHARACTER STRING FOR LEAKAGE OPTION}
NUMBER OF ITERATION PARAMETERS (SIPsADI)S

NUMBER OF ITERATIONS BETWEEN 2-D CORRECTION (LSOR)$
THICKNESS OF CONFINING CR STREAM BED (L)%

NUMBER OF PUMPING PERIODSH

CONTAINS CHARACTER STRING FCR OPTION TO PRINT DRAWDOWNS
NUMBER OF TIME STEPSS

NUMBER OF PUMPING WELLS FOR WHICH DRAWDOWN IS TO BE
COMPUTED AT A *REAL' WELL RADIUSH

NUMBER OF WELLS FOR A PUMPING PERIOD}

LOCATION OF WELLSS

CONTAINS CHARACTER STRING FOR OPTION TO PUNCH HYDRAULIC
HEAD VALUESS

PRINTER UNIT NUMBERS

ITERATION PARAMETER?

HYDRAULIC CONDUCTIVITY QF THE AQUIFER (L/T)3
HYDRAULIC HEAD AT THE START OF THE ITERATION (L)}
HYDRAULIC HEAD (L)$

PUNCH UNIT NUMBERS$

MAXIMUM EVAPOTRANSPIRATION RATE (L/T)$

RECHARGE RATE (L/T)3

READER UNIT NUMBERS$

REAL WELL RADIUS (L)%

VERTICAL HYDRAULIC CONDUCTIVITY OF THE CONFINING BED
OR STREAM BED (L/T)3

CONTAINS CHARACTER STRING FOR RECHARGE OPTIONS
S/DELTY (1/7)3

VECTOR CONTAINING ITERATION PARAMETERSSH

HYDRAULIC HEAD OF THE STREAM OR IN THE AQUIFER
ABOVE QR BELOW THE PUMPED AGQUIFER (L)%

WELL AND RECHARGE SOURCE TERM (L/T)}

STORAGE COEFFICIENTS

CONTAINS CHARACTER STRING FOR SIP OPTION}

STEADY PART OF LEAKAGE COEFFICIENT (L/T)3

INITIAL & TRANSIENT LEAKAGE (L/T)3

SPECIFIC STORAGE OF CONFINING BED (1/L}%

CONTAINS EITHER THE STORAGE COEFFICIENT OR SPECIFIC
YIELD DEPENDING ON THE TYPE OF AQUIFERS

HYDRAULIC HEAD AT THE BEGINNING OF THE CURRENT
PUNPING PERIOD (L)3

MODIFIES STORAGE TERM IN WATER TABLE~ARTESIAN CONVERSIONS

TOTAL ELAPSED TIME IN THE SIMULATION (T)3$

TOTAL ELAPSED TIME IN THE PUMPING PERIOD (T)}
HYDRAULIC HEAD AT THE STARY OF THE SIMULATION (L)
SPECIFIC YIELDs

TRANSMISSIVITY (L*#2/T)3

HARMONIC AVERAGE OF T/DELY € [e1/24J (L/T)
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TEMP
TEST

TEST2
TEST3

L
THAX
TMIN

TOP
TR
17

v

v

v

VF4
WATER
WELL
WR’

X1
Y
YDIM

TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

Definition of program variables—Continued

VECTOR FOR TEMPORARY STORAGE OF HYDRAULIC HEAD (L)%
= 0 CLOSURE CRITERION SATISFIEDS

= | CLOSURE CRITERION NOT SATISFIEDS

MAXIMUM CHANGE IN HEAD FOR THE TIME STEP (L)%
VECTOR CONTAINING THE SUM OF THE ABSOLUTE VALUES

OF HEAD CHANGES FOR EACH ITERATION (L)

TRANSIENT PART OF LEAKAGE COEFFICIENT (1/T)%

NUMBER OF DAYS IN THE PUMPING PERIOD (T)3$

MINIMUM VALUE OF DIMENSIONLESS TIME FOR THE CURRENT
PUMPING PERIOD?

ELEVATION OF THE TOP OF THE AQUIFER (L)

HARMONIC AVERAGE OF T/DELX @ IjyJel/2 (L/T)3

MAXIMUM VALUE OF DIMENSIONLESS TIME FOR THE CURRENT
PUMPING PERIOCDS

2 0 EXPLICIT TREATMENT OF TRANSIENT LEAKAGES

= 1 IMPLICIT TREATMENY OF TRANSIENT LEAKAGES$
INDICATES DEFINE FILE RECORD LENGTH SPECIFICATICN IN WORDS!
ARRAY USED IN SIP ALGORITHMS

VARIABLE FORMAT FOR PRINTING HEAD AND DRAWDOWNS
CONTAINS CHARACTER STRING FOR WATER TABLE OPTION3
WELL DISCHARGE (L®#®3/T7T)}

WELL RADIUS (L)}

ARRAY CONTAINING INCREMENTAL HEAD VALUES IN SIP SOLUTION (L)
VECTOR CONTAINING ARRAY STORAGES$

LENGTH OF AGQUIFER IN Y DIRECTION (L),

DEFINITION OF VARIABLES IN CHECKI SUBROUTINE

- D e D T L P S P YD D R A n R TP R D R D W VP TR WD

CFLUX
CFLUXT
CcHD1
cHD2
CHDT
CHST

DIFF
ETFLUX
ETFLXT
FLUX

FLUXS
FLXN
FLXNT
FLXPT
PERCNT
PUMP
PUMPT
QREFLX
QRET
STOR
STORT
SUMR
TOTL1
TOTL2
XNET

INFLOW FROM RECHARGE WELLS (L##3/7)%

CUMULATIVE VOLUME OF WATER FROM RECHARGE WELLS (L#®##3)3
RATE OF OUTFLOW TO CONSTANT HEAD BOUNDARY (L@##3/T)%
RATE OF INFLOW FROM CONSTANT HEAD BOUNDARY (L®*#3/T7)3%
CUMULATIVE DISCHARGE TO CONSTANT HEAD BOUNDARY (L##3)3
CUMULATIVE VOLUME OF WATER INFLOW FROM CONSTANT

HEAD BOUNDARY (L##3)3}

ERROR IN MASS BALANCE (L##3)}

EVAPOTRANSPIRATION RATE (L®%3/7)}%

CUMULATIVE DISCHARGE BY ET (L%u3)3

RATE OF LEAKAGE DUE TO GRADIENTS AT THE STARTY

OF THE PUMPING PERIOD (L#*#3/7)3%

NET LEAKAGE RATE (L®#®3/T7)3$

RATE OF DISCHARGE BY LEAKAGE (L##3/7)%

CUMULATIVE VOLUME OF WATER DISCHARGED BY LEAKAGE (L##3)1
CUMULATIVE VOLUME OF WATER INFLOW FROM LEAKAGE (L®#%#3)3%

PERCENT ERROR IN CUMULATIVE MASS BALANCES

DISCHARGE FROM WELLS (L®#3/T7)3

CUMULATIVE VOLUME OF WATER DISCHARGED BY PUMPING WELLS (L#%3)3
RECHARGE RATE (L#e3/T7T)¢

CUMULATIVE VOLUME OF WATER DERIVED FROM RECHARGE (L#%3)%

RATE OF CHANGE IN STORAGE FOR THE TIME STEP (L##3/T)1
CUMULATIVE VOLUME OF WATER DERIVED FROM STORAGE (L%##3)3

SUM OF RECHARGE AND DISCHARGE RATES FOR THE TIME STEP (L##3/T)%
CUMULATIVE VOLUME OF WATER FROM ALL SOURCES (L®##3)%

CUMULATIVE VOLUME OF WATER DISCHARGED FROM THE SYSTEM (L %%3)%
NET LEAKAGE RATE FOR A CELL (L##3/T),

DEFINITION OF VARIABLES IN THE PRINTAI SUBROUTINE

8L ANK
DINCH
DIsT

CONTAINS BLANK SYMBOLSS
NUMBER OF MAP UNITS PER INCH$
LOCATION OF NEXT COLUMN OF NODAL VALUES TO BE PRINTEDS



NYD
PRNT
SPACNG
SYM
TITLE

FINITE-DIFFERENCE MODEL FOR AQUIFER SIMULATION

Definition of variables in the PRNTAI subroutine—Continued

FACTOR FOR ADJUSTING VALUE OF DRAWDOWN PRINTEDS
FACTOR FOR ADJUSTING VALUE OF HWEAD PRINTEDS
ADJUSTED VALUE OF DRAWDOWN OR KEADS

NAME OF MAP LENGTH UNITS

INDEX FOR SYMBOLS}

INDICES FOR LOCATING X LABELS

NUMBER OF BLANKS BEFORE GRAPH}

NUMBER OF LINES PER INCH}

NUMBER OF CHARACTERS PER INCH#

NUMBER OF CHARACTERS PER LINE}

NUMBER OF LINES IN THE PLOTS

MAXIMUM NUMBER OF CHARACTERS IN Y DIRECTIONS
NUMBER OF INCHES IN THE X DIMENSION OF PLOTS
NUMBER OF INCHES IN THE Y DIMENSION OF PLOTS
CONTAINS THE ARRANGEMENT OF SYMBOLS FOR EACH LINES
CONTOUR INTERVAL (L)%

VECTOR CONTAINING SYMBOLS USED IN THE PLOTS
TITLE FOR PLOT}

VF19VF29VF3 VARIABLE FORMATS FOR CENTERING PLOTS

XLABEL
XN

XN1
XSCALE

XSF
YLABEL
YLEN
YN
YSCALE

YSF
¥ 4

LABEL FOR X AXISH

NUMBERS FOR X aAXISS$

1 INCH/ (N1®2)3

MULTIPLICATION FACTOR TO CONVERT MODEL LENGTH UNIY
7O UNIT USED IN X DIRECTION ON MAPS}

X SCALE FACTOR}

LABEL FOR Y AXISSH

LOCATION OF NEXT VALUE IN THE COLUMN 7O BE PRINTED!
NUMBERS FOR Y AXIS}

MULTIPLICATION FACTOR TO CONVERT MODEL LENGTH UNILTY
TO UNIT USED IN Y DIRECTION ON MAPSH

Y SCALE FACTOR?

LOCATION OF NEXT LINE TO BE PRINTED.
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